Arthroprosthesis of the hip is, in itself, a "wrong" operation.
The upper part of the femur is probably one of the most important parts of the skeleton on account of its biomechanical role.
This part continuously bears the entire weight of the body. Furthermore, a pressure force and a distractive force act on it because of the alternate action of the body weight and gluteal muscles on the great trochanter. The distraction power of this group of muscles has the same magnitude of the body weight, but it acts in the opposite direction.
This implies a continuous balance of forces, alternately pressing and distracting the same skeletal district.
This biomechanical condition is only characteristic of the upper part of the femur, and not to the other skeletal districts supporting the weight of the body.
The joints which are in a lower position, i.e. the knee and the ankle, present a different biomechanical situation.
In the upper part of the femur, this specific biomechanical condition operates by means of particular anatomical structures represented by the adequate spherical form of the head, the direction of the different trabecular systems of the neck of the femur, the trochanteric mass and, finally, by the calcar and cortical diaphyseal bone of the femur.
The pressure forces acting of the head of the femur are discharged by the two trabecular systems directly on the calcar and mainly on the medial portion of the diaphyseal bone.
It is only at the middle third of the femur that the two diaphyseal portions of this bone, the medial and the lateral, have the same importance, their thickness being approximately equal and receiving the same amount of load.
The calcar is really the architrave supporting the whole weight of the body; its function is, in fact, to receive the load and provide for its distribution to the parts of the skeleton situated in a lower position (6) .
In the bone mass of the lateral part of the neck of the femur, there are two important trabecular systems, the socalled arcuate systems. They act in opposite directions but have the same mechanical importance, and they transfer the distraction forces to the gluteal muscles. According to this particular anatomical and biomechanical condition, the entire weight is directed vertically on the cortical thigh bone. The trochanteric spongy bone, with its trabecular systems, represents major crossroads forthe distribution of the forces on two important sites: the pressure force on the calcar and the distractive one on the trocanteric mass.
The vascularization of this part is organized in the same way. The nutritional vessels originate from the inner part of the medullary channel; the cortical bone receives its blood supply mainly from the medullary vessels and only a small part of the vascularization originates from the periosteal vessels.
With arthroprosthesis of the hip, we alter and completely destroy this anatomical and biomechanical system; this is what is wrong.
Every type of prosthetic device conveys all the forces of the load to the artificial head by means of the stem laid inside the medullary cavity of the upper part of the femur. The weight, which is discharged at this level, is conveyed from inside the channel to the periosteal part, thus acting as a pressure force on the cortical bone of the femoral shaft (6, 9) .
The Haversian systems of the bone in the cortical shaft are directed vertically and this represents the biomechanical architecture providing for proper resistance to the strain.
The prosthetic stem exerts its biomechanical action pressing perpendicularly to the direction of the Haversian systems; and this direction can never change in adult life (9) .
Generally speaking, the stem has a bigger mass in the trochanteric region and thus at this level it is bigger that at its end. This shape has been designed in order to ensure better stability in this trabecular part and to avoid rotation of the stem. This characteristic, however, has a negative effect on the trabecular systems of the trochanteric region, since it destroys or interrupts most of this part which is so important for the distribution of pressure and distraction forces (9, 11). Moreover, the femur cannot reconstruct (even in part) this system which plays a major role in the biomechanics of the upper part of the femur.
The presence of the stem in the medullary cavity, and particularly in the prosthetic devices based on the press-fit technique, causes near complete destruction and loss of the blood supply to the cortical bone (13). We know how important these vessels are for the nutrition of the cortical bone, because the blood supply of periosteal origin satisfies cortical nutrition only in part. As a consequence, the prosthetic stem causes temporary and partial necrosis of the endosteal part of the cortical bone, which continues until the new bone vessels, originating from the periosteal blood supply, are formed. By means of newly formed perforating channels the vascularization is extended to the inner part of the cortical bone.
All that is "wrong" in hip arthroprosthesis regards the femoral part, but if we also take the acetabular part of the prosthetic device into consideration we find that here too not all is correct. Most of the non-cemented acetabular part of the usual prosthetic devices are screwed into the bone mass of the cotyloid part of the pelvis and have a truncated-conic shape (1, 6) .
All the trabecular systems of this part of the pelvis are curbed; two of the main trabecular systems are both curbed, but in opposite directions, and ensure the stability and resistance to strain of this region.
The usual prosthetic device destroys this system by touching until the lamina quadrilatera and thus interrupting all the trabecular systems at this level. This is another "wrong" point in hip arthroprosthesis.
In spite of the drawbacks of this system, it is impossible, at present, to have another type of artificial substitution of the hip joint which proves to be stable and resistant. As a consequence we have to accept this "wrong" solution, even if it is abnormal and not physiological: it represents the forced solution to our problem.
However, we have the possibility of correcting these drawbacks, at least in part.
How let us examine what is "right" in arthroplasty.
Mechanical properties of the stem
The normal bone has two mechanical properties: strength and elasticity. These characteristics result from the fine structure of the tissue, arranged in the Haversian and trabecular systems. Steel has approximately the same properties but it is too heavy; other materials, and above all titanium, are sufficiently elastic and strong, and even if they are not heavy 4 enough, they represent the correct choice (1, 8) .
We know that when two different metals are put into the organism an electrostatic couple is created, as a consequence of the behaviour of biological fluids. A current of ionic migration between the two metallic poles is generated and as a result there is a loss of calcium ions. It is thus necessary to avoid the presence of two different types of metal in the same device.
The non-magnetic property
A metal can generate a magnetic field in the organism, and this is an abnormal situation. In order to avoid this undesired complication, the metal that is used should be demagnetized (9, 11) .
Biocompatibility of the material
Not all materials have the same degree of biocompatibility. Biocompatibility is the property of being in contact with human tissues without provoking a "reaction" that normally consists of a thin wall of connective tissue (7, 10).
If the foreign material is not biocompatible, the connective tissue may ingrow as time goes by, and the defense cells of reticolo-endothelial origin penetrate it, triggering a reaction that may result in a phlogistic process (2, 3, 5) .
Among all the most commonly used metals, biocompatibility is higher in titanium and lower in stainless steel. Materials in ceramics have a high degree of biocompatibility while materials in acrylic have a low one. Hydroxyapatite, the mineral compound of normal bone, is completely biocompatible with bone, and allows bone ingrowth just around and in close contact with the prosthetic material (2, 4) .
It is therefore correct to use the most biocompatible material in the prosthetic device. At present the best material seems to be titanium covered with a thin layer of hydroxyapatite (7).
The stem has to be firmly inserted, and this can be done in two different ways.
One way is to use acrylic cement which ensures a rigid connection between the metallic material and the bone, and which penetrates the microscopic structure of the bone lamellae. Unfortunately, acrylic cement is not elastic and is not well tolerated by the organism; this is the main reason for its restricted use in cemented prosthesis, especially in non-elderly patients (4, 6) .
The other way is to ensure a close contact between the stem and the surrounding bone which can be obtained either with a stem of the exact size of the medullary channel, or viceversa, by preparing a medullary channel so that the stem can fit it. The stem is pressed into the bone (the "press fit" system) and good stability is obtained (1, 10) .
The medullary circulation is, however, completely destroyed, and as we have seen above, the inner part of the cortical bone undergoes a temporary necrosis.
To avoid this excess of pressure, it is possible to prepare a stem with an oval cross-section which may allow close contact between the bone and the two extreme points of the major oval diameter and also allow formation of new vascular vessels in the parts of the medullary channel corresponding to the extreme points of the lesser diameter.
The level of tolerance of the material can be high and the newly formed bone can grow just around it thus establishing a close contact between the bone and the metal; but this contact should not be too complete because a good prosthesis should always allow the possibility of being removed. without destroying the cortical bone.
A good prosthesis that has a stable and close contact in the medullary channel should not have a great volume on the trochanteric region.
It is possible with such a device to preserve, in part, the trabecular systems of the trochanteric region which are so important for the biomechanics of this area.
The anchorage of the stem in the trochanteric region is not as important as the stability of the stem itself. A loss of stability can be compensated by the presence of a little collar in the calcar. However, this must not be too big in order not to destroy all the possibility of revascularization of the calcar part, and to avoid its reabsorption (5).
The head of the stem should have the following characteristics: the possibility of being adapted to a different length of the neck; the material must have a good degree of elasticity; the material must have a minimum degree of friction when moving inside the acetabular socket; the material has to be very strong in orderto resist pressure forces and traumatic injuries; the size of the head has to be chosen so as to correspond to the size of mostof the presently used prosthesis (at present ceramic materials and a 32 mm diameter are the most used); as for the femoral component of the prosthetic device, the shape of the acetabular component is very important. Since the trabecular systems of the bone surrounding the acetabulum have a curved direction, the domeshaped design seems to be better than the truncated-conic one; the contact between the acetabular component and the surrounding bone has to be firm and stable.
The use of a screwing system seems to be the best one although not all the cotyles are deep enough to allow this possibility. This condition is frequent in dysplastic hips, where the acetabular roof is insufficient and frequently the anterosuperior part of the acetabular is missing.
It is possible to add bone transplants, but in this case the stability of the new cotyle is lower because the thread of the screw has not a complete hold on the bone.
Because of this reason it is advisable to divide the thread of the screw into more quadrants in order to obtain the holding of two or more quadrants of the screw. This mechanism allows firmer positioning of the acetabular component in the cotyles that are not deep enough to accept the entire component.
The stability of the cotyle may be insufficient, and it is always possible to increase its stability by fixing the cotyle on the surrounding bone by means of the insertion of a screw; a good cotyle should allow this possibility.
The covering of the cotylar part of the prosthesis must have the greatest biocompatibility, in order to grant the new bone formation around it.
The contact between the head and the acetabular socket must have a great degree of elasticity so as to ensure the absorption of the weight charge.
All these points should be present in a prosthetic device for hip substitution (8, 10) .
The hip prosthesis is a "wrong operation", but we are bound to accept what is wrong in it. We may, however, minimize its errors if we respect all the above "right" points when designing the prosthesis, and change a "wrong operation" into a "useful operation". 
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